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(54) ULTRA-THIN FILM LAMINATED BODY 

(57)Abstract 

PURPOSE: To provide an ultra-thin film laminated body formed on 
the surface of the hard substrate of a cutting tool, a wear resistant 
tool, etc., or the surface of each of electric and electronic parts, 
sliding parts and machine parts so as to improve the wear 
resistance or surface protecting function. 

CONSTITUTION: The surface of a substrate 2 is coated with an 
ultra-thin film laminated body 1 having a structure obtd. by 
repeatedly laminating layers of three or more kinds of compds. each 
composed of one or more kinds of elements selected from among 
groups IVa, Va and metallic elements of the periodic table, Al, Si, B 
and C and one or more kinds of elements selected from among B, C, 
N and O. The thickness of each of the layers is 0.5-20nm and the 
total thickness is 0.5-1 Oum The laminated body 1 is used as the 
hard coating film of a cutting tool or a wear resistant tool or as a 
wear resistant film or a protective film on the surface of each of 
electric and electronic parts, sliding parts and machine parts. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The super-thin film layered product which repeated and carried out the laminating of three or more kinds 
of compounds constituted with one or more sorts of elements chosen from the group of the metallic element of a 
periodic table IVa group, Va group, and a Via group, and aluminum, Si, B and C, and one or more sorts of elements 
chosen from B, C, N, and O, and set to 0.5nm - 20nm thickness of each class which carries out a laminating. 
[Claim 2] The super-thin film layered product according to claim 1 from which a configuration element shall be the 
same as and a presentation ratio shall differ the three or more above-mentioned kinds of compounds. 
[Claim 3] The super-thin film layered product according to claim 1 or 2 which set thickness of the above-mentioned 
whole layered product to 5nm - 10 micrometers. 

[Claim 4] The super-thin film layered product according to claim 1 to 3 which made the mismatching of the lattice 
constant of the above-mentioned compound layer which carries out contiguity 10% or less. 
[Claim 5] The super-thin film layered product according to claim 1 to 4 in which at least one or more kinds of 
compounds shall have a different crystal mold from other compounds under ordinary temperature and ordinary 
pressure among the three or more above-mentioned kinds of compounds, and the three or more above-mentioned 
kinds of compounds shall have the same crystal structure as a whole. 

[Claim 6] The Vickers hardness of the above-mentioned layered product is 2 3500 kgf(s)/mm at load 25gf. Super- 
thin film layered product according to claim 1 to 5 which it is above. 

[Claim 7] The coating of the super-thin film layered product which carried out the coat of the super-thin film 
layered product according to claim 1 to 6 on the surface of the base material. 

[Claim 8] The coating of the super-thin film layered product according to claim 7 which has the volume phase of 
0.05 micrometers - 5 micrometers of thickness which consists of at least one or more sorts of the compound which 
consists of combination of one or more sorts of elements chosen from the group of the metallic element of a 
periodic table IVa group, Va group, and a Via group between the above-mentioned super-thin film layered product 
and a base material, and one or more sorts of elements chosen from C and N. 

[Claim 9] The coating of the super-thin film layered product according to claim 7 or 8 which set thickness of the 
above-mentioned whole super-thin film laminating to 0.5 micrometers - 10 micrometers. 

[Claim 10] The coating of the super-thin film layered product according to clajm 7 to 9 which used the above- 
mentioned base material as the hard base material which consists of WC radical cemented carbide, a cermet, 
ceramics, high-speed steel, etc. 

[Claim 1 1] The coating of the super-thin film layered product according to claim 7 to 10 as which the above- 
mentioned base material is used for the electrical and electric equipment, an electron, sliding, or each part article of 
a machine, and the above-mentioned super-thin film layered product is operated as the antifriction film or a 
protective coat 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the super-thin film layered product formed in the front face of the 
front face of hard members, such as a cutting tool and an abrasion-resistant tool, or the electrical and electric 
equipment, an electron, sliding, and each part article of a machine for the improvement of abrasion resistance or a 
surface protection feature. 
[0002] 

[Description of the Prior Art] Various kinds of abrasion-resistant components including a cutting tool or an 
abrasion-resistant tool In order to consist of steel and hard metals, such as various Sir MENTO, such as cemented 
carbide, such as WC radical, and a TiC system, ceramics, and high-speed steel, and to raise the abrasion resistance 
of the front face generally One layer or compounding and forming in a multilayer are conventionally performed in the 
hard enveloping layer which changes from carbide and the nitride of Ti, Hf, and Zr, carbon nitride, or the oxide of 
aluminum to a base material front face with PVD or a CVD method. 

[0003] Moreover, when the crystal structure which is excellent in thermal resistance carries out the laminating of 
the same refractory metal compound to British patent GB2182060A, the proposal which raises combination and 
abrasion resistance is made in the physical properties of dissimilar material. 

[0004] However, the degree of hardness of the above-mentioned conventional hard enveloping layer was decided by 
the property of the matter proper which constitutes an enveloping layer, and has usually stopped at the range of 
about 2000 to 3000 Hv with Vickers hardness. However, in a property of this level, sufficient abrasion resistance is 
not obtained and a result satisfying enough to cutting conditions, a life, etc. cannot be brought about to the request 
of high promotion of efficiency mounting in the industrial world every year. 

[0005] A magnetic medium is begun in the electrical and electric equipment and electronic parts, or sliding and a 
machine part On the front face of various components moreover, by vacuum evaporation technique, the ion plating 
method and plating, the sputtering method, etc. Co-nickel, Co-P, mu-Fe 203, Si02, Si3 N4, and aluminum 203 etc., 
although forming the antifriction film which consists of oxide, a nitride, or the carbon film, and a protective coat is 
performed However, this conventional coat was not able to be called abrasion resistance, a degree of hardness, and 
what is enough in respect of corrosion resistance to the high-speed request accompanying the densification of a 
magnetic medium etc. 

[0006] On the other hand, the laminating of the super-thin film of the compound whose thickness of one layer is two 
kinds 20nm or less is carried out periodically by turns, and the technique in which the laminated structure realizes 
the high degree of hardness which exceeds a compound and an alloy according to the effectiveness. of the lattice 
strain energy in a laminating interface is proposed by J.Vac.SciTechnol.A. 1992/2. etc. 

[0007] However, since compounds need to have consistency, there is a limit in the mismatching of a lattice constant 
and there is a problem which becomes that to which selection of a compound was restricted in the manifestation of 
the degree of hardness of this super-thin film layered product For this reason, when the compound for obtaining a 
high degree of hardness is chosen, there is a problem to which it becomes very difficult for other properties to fall 
victim, for example, to give properties, such as oxidation resistance required for a tool etc. 

[0008] Moreover, the degree of hardness of the above-mentioned super-thin film layered product depends for a 
super-thin film on the period (when carrying out the laminating of the 2 quality of the material, it is the sum of the 
thickness of each class per layer) which carries out a laminating greatly, and a degree of hardness changes with 
delicate change of a period a lot in the neighborhood especially a degree of hardness serves as max. For this reason, 
in the usual manufacture management the variation in the engine performance needs to become large and needs to 
make management of a period very severe in the covering process of a super-thin film layered product especially. 
That is, in actual production, it is easy to produce big variation for the engine performance between products, and 
the above-mentioned super-thin film layered product has the problem which must stop a volume, in order to control 
this variation. 

[0009] Then, this invention has the property which solved the above-mentioned problem, and raised the abrasion 
resistance and the oxidation resistance of a cutting tool, an abrasion-resistant tool, etc., and was excellent as the 
antifriction film and protective coat of each part article of the electrical and electric equipment, an electron, sliding, 
and a machine, and aims at offering the super-thin film layered product from which the engine performance 
moreover stabilized easily is obtained. 
[0010] 
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[Means for Solving the Problem] One or more sorts of elements with which this invention is chosen from the group 
of the metallic element of a periodic table IVa group, Va group, and a Via group, and aluminum. Si, B and C in order 
to solve the above-mentioned technical problem, The structure which repeated and carried out the laminating of 
three or more kinds of compounds constituted with one or more sorts of elements chosen from B, C, N, and O, and 
set to 0.5nm - 20nm thickness of each class which carries out a laminating was adopted. 

[0011] The super-thin film layered product of this invention covers that super-thin film layered product on a part of 
front face containing a part for all the front faces of hard base materials, such as WC radical cemented carbide, a 
cermet, ceramics, and high-speed steel, or a cutting edge, when it is good to set the whole thickness to 5nm - 10 
micrometers and it uses as an enveloping layer of a cutting tool or an abrasion-resistant tool. 
[001 2] Moreover, when using the above-mentioned super-thin film layered product as the antifriction film or 
protective coat of the electrical and electric equipment, an electron, sliding, and a machine part, if the whole 
thickness is set to 5nm - about 2 micrometers in the electrical and electric equipment and electronic parts and it is 
in sliding and a machine part, it is desirable to be referred to as 0.1 micrometers - about 10 micrometers. 
[0013] When the laminating of the compound A of four layers, and B, C and D is repeated and carried out as it is 
indicated in drawing 1 as the thickness of each class which carries out a laminating here for example, it is the 
thickness t1 of each A, and B, C and D, t2, t3, and t4. It says and is sum lambda=t 1+t2+t3+t4 of the thickness of 
each class. It is called the period of a repeat below. 

[0014] In addition, in drawing 1 , a sign 1 shows a super-thin film layered product, and 2 shows the base material. 
[0015] Although the compound A of above-mentioned each class, and B, C and D may be four kinds of compounds 
different, respectively, they may be equal, for example, the combination A, B, C, and B is sufficient as them. [ of the 
two-layer compound which does not adjoin each other ] 

[0016] Moreover, configuration elements may differ mutually, the above-mentioned compound may have equal some 
or all of a configuration element and presentation ratios may only differ. 

[0017] When covering the above-mentioned super-thin film layered product to a base material, as shown in drawing 
2 , are good to form a volume phase 3 between a base material 2 and the super-thin film layered product 2. 
Furthermore, this volume phase 3 It is desirable to consider as the thing of 0.05 micrometers - 5 micrometers of 
thickness which consists of at least one or more sorts of the compound which consists of the combination of one or 
more sorts of elements chosen from the group of the metallic element of a periodic table IVa group, Va group, and 
Va group and one or more sorts of elements chosen from C and N. 

[0018] As an approach of obtaining the above-mentioned super-thin film layered product, there are PVD and CVD 
methods, such as sputtering and the ion plating method, and especially PVD is desirable at the point which can 
maintain the reinforcement of a base material easily and can make small effect of diffusion between the quality of 
laminated material. 
[0019] 

[Function] In the super-thin film layered product of this invention that changes with the above-mentioned structure, 
when the thickness of each class repeats and carries out the laminating of 0.5nm - 20nm and three or more kinds of 
very thin compounds, a degree-of-hardness rise can be discovered with the effectiveness of the grid strain energy 
accumulated in the adjustment and each class of an interface between each class, and the high degree of hardness 
which does not have Vickers hardness in the former more than of 3500 kgKs)/mm can be obtained. 
[0020] The effect of the interface which compounds touch becomes large, and this is considered that a degree of 
hardness rises according to the effectiveness that the grid strain energy accumulated in each class increases etc., 
when thickness of each class is set to 20nm or less. Moreover, when the thickness of each class is 0.5nm or less, it 
becomes a mixolimnion with a contiguity compound under the effect of the counter diffusion in an interface etc., and 
the remarkable laminating effectiveness cannot show up easily, conversely, if it exceeds 20nm, effectiveness will 
become small at the interface of each class, and the effectiveness of a laminating will not show up, without 
accumulating grid strain energy. 

[0021] Therefore, it is required to release the grid strain energy which has the false epitaxial structure which 
adjoining compounds adjusted in the manifestation of a degree-of-hardness rise, and is accumulated in each class, 
and to stop the dislocation density of the interface to decrease low. 

[0022] In this case, when the mismatching of the lattice constant of an adjoining compound exceeds 10%, the 
dislocation density of an interface increases, grid strain energy decreases, and the laminating effectiveness cannot 
be expected. 

[0023] Moreover, the mismatching of a lattice constant is very small, or when a lattice constant is completely in 
agreement, the degree-of-hardness rise by the effectiveness of grid strain energy cannot be performed. However, 
depending on the combination of a compound, a degree-of-hardness rise is discovered. This is considered to be the 
effectiveness of change of the electronic structure by the laminated structure. Therefore, this invention does not 
specify the minimum of the mismatching of the lattice constant of an adjoining compound. 

[0024] Moreover, since the interface which makes a degree-of-hardness rise discover has only one kind of interface 
formed with two sorts of the compounds in the case of the super-thin film layered product of two sorts of 
compounds, if a degree of hardness has a high degree of hardness only by the thickness of the narrow range where 
grid distortion and a rearrangement balance and the thickness of a super-thin film layered product separates from 
the above-mentioned thickness, a degree of hardness will fall rapidly. 

[0025] On the other hand, when the laminating of three or more sorts of compounds is carried out, a high degree of 
hardness is maintained in wide range thickness. By becoming three or more sorts, the class of interface formed 
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becomes two or more sorts, and the class of compound which carries out the laminating of this is considered over 
two or more places in the range where grid distortion and a rearrangement balance. Thus, that a high degree of 
hardness is maintainable in wide range thickness leads to a product with the antiwear characteristic stabilized to the 
variation in the thickness in production being obtained easily. 

[0026] Furthermore, if the effect of mutual between the compounds which do not adjoin directly is considered in the 
case of the super-thin film layered product which carried out the laminating of three or more kinds of compounds, 
since the effect which it has on change of the electronic structure is not expectable, it is necessary to store up grid 
strain energy enough. As a result of an artificer's examining this, it became clear that the minimum of the 
mismatching which can accumulate grid strain energy sufficient between the compounds not adjoining was 4%. 
Moreover, even if it does not adjoin, when the mismatching of the lattice constant between compounds exceeds 
20%, the dislocation density of an interface increases, grid strain energy cannot be accumulated, and a degree-of- 
hardness rise is not seen. 

[0027] If the example of TiN and ZrN shows an example of the mismatching of a lattice constant now. since the 
lattice constant of TiN is 0.461 for the lattice constant of 0.424nm and ZrN, the following formula will be obtained. 
[0028] 
[Equation 1] 

0.461nm(ZrN«tt?-j£ft) -0.424nm (TINOlft^JEft) 
te^S-fr (%) = ~— 7— — -r— — 7 X100 

-8.7% 

[0029] One crystal structure changes with the above adjustments of the compounds in an interface when a 
laminating is carried out very much by film thickness the compound which has the different crystal structure, and it 
comes to have the single crystal structure by the whole film which carried out the laminating of each class. Thereby, 
the property which is not shown in the state of the matter proper by the compound simple substance, for example, 
the high degree of hardness which is not in the former, and oxidation-resistant improvement are realizable. For this 
reason, when the super-thin film laminated structure of this invention is used as a coat layer of a cutting tool or an 
abrasion-resistant tool, in the former, the outstanding abrasion resistance which is not obtained is demonstrated 
and the cutting-ability ability which was excellent for a long period of time can be maintained. 

[0030] Moreover, in the layered product of three or more kinds of compounds, the 3rd layer which has the property 
which was excellent in others in the laminating of two sorts of compounds which realize the above high degrees of 
hardness can be added. In Field of application of this invention to which wear poses a problem especially, thermal 
resistance is required of the covering film in many cases, and it becomes the important field of the improvement in 
the engine performance to raise oxidation resistance. When at least one sort in the compound which carries out a 
laminating is chosen with a compound [ as / that oxidation initiation temperature of whose is 600 degrees C ], the 
oxidation initiation temperature of a super-thin film layered product is governed by the oxidation initiation 
temperature of this compound, and its thermal resistance improves greatly. On the contrary, when oxidation 
initiation temperature is less than 600 degrees C, heat-resistant improvement is not enough for an application like a 
cutting tool, and it does not become improvement in the engine performance on cutting-ability ability etc. 
[0031] It sets to the super-thin film layered product of this invention, and since it does not see, but the residual 
stress in the film becomes large in thickness 10 micrometers or more and adhesion reinforcement with a base 
material falls, most improvement in the abrasion resistance [ thickness / all ] in less than 0.5 micrometers has the 
desirable range all whose thickness is 0.5 micrometers - 10 micrometers for applying as a tool. 
[0032] Moreover, when a super-thin film layered product is formed on a direct base material, adhesion 
reinforcement with a base material may be inferior compared with the conventional coating film. If the volume phase 
which consists of at least one sort of the compound constituted with one or more sorts of elements chosen from a 
periodic table IVa group, Va group, and a Via group metallic element between a base material and a super-thin film 
layered product and one or more sorts of elements chosen from C and N at this time is formed, the adhesion 
reinforcement between a super-thin film layered product and a base material is improvable. Moreover, by preparing 
the volume phase of an in-between property between matter which the thing property of a base material and a 
super-thin film layered product is large, and is different, change of a property can be controlled gradually and 
effectiveness, such as reduction of membranous residual stress, can also be expected. 

[0033] About the thickness of the above-mentioned volume phase, by less than 0.05 micrometers, as for the further 
improvement in adhesion reinforcement, thickness was not seen, even if improvement in adhesion reinforcement was 
not found but exceeded 5 micrometers conversely. Therefore, as for the thickness of a volume phase, it is more 
desirable than the viewpoint of a property and productivity to adopt the range of 0.05-5 micrometers. 
[0034] In addition, if a with a 0.1 -micrometer or more thickness [ 5 micrometer or less ] surface layer is prepared in 
the maximum upper layer of that antifriction coat when the super-thin film layered product concerning this invention 
is applied to antifriction coats, such as a tool, a desirable result will be obtained on abrasion resistance. This is 
because the outermost surface of an antifriction coat is exposed very much to a harsh environment in many cases, 
so a reaction with an ambient atmosphere or wear partner material tends to occur, reforming of the coat front face 
is carried out and an antiwear characteristic is spoiled. On the other hand, with a reactant low component, since the 
component which constitutes a super-thin film layered product is not limited, it can not necessarily control wear by 
surface reaction by preparing the surface layer which consists of the outstanding component of reactivity-proof 
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with an ambient atmosphere and partner material. 

[0035] Moreover, the super-thin film layered product of this invention can demonstrate the abrasion resistance 
which was excellent like the case where it applies to a cutting tool also as the antifriction film of the electrical and 
electric equipment, electronic parts, sliding, and a machine part, and a protective coat. 

[0036] As the antifriction film and protective coat of this electrical and electric equipment, electronic parts, sliding, 
and a machine part, less than 5nm is not enough as the improvement in abrasion resistance [ thickness / all ], and 
conversely, since sufficient adhesion reinforcement is no longer obtained by the fall of adhesion reinforcement with 
a base material in a thick film 10 micrometers or more, it is desirable to set all thickness as the range of 5nm - 10 
micrometers. 
[0037] 

[Example] Various kinds of examples hereafter performed in order to see this effect of the invention are explained. 
[0038] In addition, when forming a super-thin film layered product and a volume phase in each following example, 
measurement of the thickness of each class of nm order is performed by observation by the transmission electron 
microscope (TEM). Moreover, the period is performed also by the small-angle -X-ray-diffraction method, and 
measurement according to a high-resolution scanning electron microscope about the long laminated structure of 
thickness is also possible. 

[0039] Moreover, a high resolution EDX performs analysis of the presentation ratio near the core of each class, 
transparency electron diffraction (TED) performs the crystal structure of the compound of each class, and the 
crystal structure of the whole super-thin film layered product is performed with the thin film X-ray diffraction 
method. 

[0040] As a <example 1> base material, a presentation is JIS P30 and a configuration is JIS. The cutting chip made 
from cemented carbide of SNG432 was prepared, and the super-thin film laminated structure was formed in the 
front face using the ion plating method by vacuum arc discharge. 

[0041] Drawing 3 controlled the thickness of each class, when the manufacture approach of a cutting chip sample is 
shown, and manufacture of a super-thin film laminated structure arranged two or more targets 5 and 6, it equipped 
with the above-mentioned cutting chip 8 the base material holder 7 which rotates among these targets centering on 
the central point of a target and adjusted both the rotational frequency of a cutting chip, and vacuum both [ one 
side or ] of the discharge current (evaporation of a target ingredient) in membrane-formation equipment 4. After it 
heated this to 500 degrees C and it washed by applying the electrical potential difference of -1000V to a cutting 
chip, having made the degree of vacuum in membrane formation equipment 4 into the ambient atmosphere of 10- 
5Torr, having introduced Ar (argon) gas from this condition first, and holding in the ambient atmosphere of 10-2Torr, 
it exhausted Ar gas. Next, it is N2 in membrane formation equipment 4. Gas and CH4 Some kinds of some kinds of 
[ any one kind or ] It introduces at a rate of 200 cc/min by the time control doubled with base material rotation. By 
evaporating and making the metallic element of the periodic tables IVa and Va and a Via group, and the target of a 
Ti-aluminum compound ionize by vacuum arc discharge in this condition When the rotating cutting chip passed 
through a target front, the compound layer of a target ingredient, and C in introductory gas and N was formed on 
the cutting chip. 

[0042] The conventional example (samples 1-20) which produces the example (samples 21-30) shown in Table 1 by 
the above-mentioned approach, and is shown in Table 1 for a comparison was prepared. Here, samples 1-10 
produced two or more Ti evaporation sources as a target, samples 11-20 were allotted by turns, and produced the 
evaporation source of Plurality Ti and aluminum, and samples 21-30 arrange and produced two or more evaporation 
sources in the order of Ti, Cr, aluminum, and Cr similarly. 
[0043] 
[Table 1] 
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;0044] The next table 2 shows the structure of each ****** layered product of the above-mentioned table 1. 
;0045] 

Table 2] 





mm 




A/B/C/D/ 


mm 

A/B/C/D/ (ran) 






TiN/AIN/ 

TiN/CrN/AlN/CrN/ 


1.3/1.2/ 
1.3/1.2/1.3/1.2/ 


2.5 
5.0 



[0046] This table 2 shows that the super-thin film layered product 2 shown in the 1st column repeats those four 
layers in the 2nd column as one period in order of TiN, ON, AIN, and a ON layer, and the laminating is carried out 
to it in three kinds of compounds TiN, ON, and AIN divided by "/." Moreover, the thickness of each compound at 
this time is divided and shown to the 3rd column by "/", and is 1.3nm, 1.2nm, 1.3nm, and 1.2nm in this case. 
Moreover, it is shown in the 4th column that a period is 5.0nm. 

[0047] When only two or three compounds which were divided are shown in the 2nd column, it is shown that it is the 
layered product which makes one period the compound of two-layer or three layers. 

[0048] In this example, the degree of hardness of each sample which the above produced was measured. 
Measurement of this degree of hardness was performed with the measuring method of well-known Vickers hardness, 
and the load was set to 25gf(s). In addition, samples 1-10, samples 11-20, and samples 21-30 are what chose ten 
pieces as arbitration from the sample of a large number once produced by manufacture, respectively, and measured 
the degree of hardness, and it is checked that the variation in each degree of hardness has the variation in the 
quality acquired by the usual manufacture and forward correlation. 

[0049] From the result of the above-mentioned table 1. samples 1-10 show the low degree of hardness uniformly, 
although there is no variation in a degree of hardness. Moreover, although samples 11-20 were high degrees of 
hardness, variation showed the large property. To it, rather than samples 11-20, the samples 21-30 which are 
examples are high degrees of hardness, and showed the property that variation is very small. This shows that this 
invention article is excellent in abrasion resistance, and excellent also in the stability of quality. 

[0050] <Example 2> In this example, the samples 1-46 shown in Table 3 and 4 were produced by the same approach 
as the above-mentioned example 1. Moreover, the independent hard enveloping layer was formed in the front face 
of the cutting chip of the same presentation as the above, and a configuration with the usual CVD method, and the 
sample 47 was manufactured. Here, samples 4, 9, 12, 36, 45-47 are the conventional material produced for the 
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comparison, and the thing except these is an example of this invention. 
[0051] 

[Table 3] 
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[0052] 
[Table 4] 
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[0053] In addition, although the notation approach of the structure of a super-thin film layered product applies to 
Tables 1 and 2, it has added the column of the mismatching of the combination from which the mismatching of a 
lattice constant serves as max, and the mismatching between the compounds with which it adjoined when carrying 
out a laminating, respectively to the column of the structure of a super-thin film layered product in the compound 
by which the laminating is carried out. 

[0054] The degree of hardness was measured by the same measuring method as an example 1. Moreover, when the 
temperature up of the oxidation initiation temperature was carried out to 1200 degrees C by the programming rate 
of 5 degrees C / min using a thermobalance, it was made into the temperature from which a remarkable weight 
change arose. When an example was raised to drawing 4 , weight change lengthened tangent **-** of the biggest 
section Ha-NI of weight change with loose tangent I-Ha of section I-RO, and, specifically, made temperature of 
intersection TO of both the tangent oxidation initiation temperature. 

[0055] It turns out that the samples 6-44 (except for samples 21 and 22) which contain the AIN layer whose 
oxidation initiation temperature is 800 degrees C or more from the result of Table 3 excel [temperature / oxidation 
initiation ] in thermal resistance 830-degree-C order. 

[0056] In this example, about the cutting chip sample of samples 1-47, the continuation cutting trial and 
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intermittence cutting trial by conditions of Table 5 were performed, and the flank wear width of face of a cutting 
edge was measured. The result of that the cutting trial of each is shown in Table 6. 



[0057] 






[Table 5] 












mut 


SCM435 


SCM435 




220m/min. 


220m/min. 




0.37mm/rev. 


030mm/rev. 




2.0mm/rcv. 


1.5mm/rev. 




30min. 


40min. 



!0058] 

[Table 6] 



1 


0.157 


0.135 


2 


0.215 


0.165 


3 


0.235 


0.226 


4 


0.422 


0.378 


5 


0.328 


0.286 


6 


O.C82 


0.077 


7 


0.098 


0.102 


8 


0.107 


0.105 


9 


0.355 


0.326 


10 


0.117 


0 135 


11 


0.154 


0.189 


12 


0.298 


0.302 


13 


0.177 


0.197 


14 


0.135 


0.153 


15 


0.103 


0.124 


16 


0.088 


0.101 


17 


0.055 


0.077 


18 


0.099 


0.125 


19 


0.200 


0.223 


20 


0.253 


0.283 


21 


0.678 


0.685 


22 


0.662 


0.558 


23 


0.095 


0.122 


24 


0.094 


0.121 


25 


0.101 


0.118 


26 


0.089 


0.122 


27 


0.109 


0.135 


28 


0.252 


0.279 


29 


0.1 %5 


0.185 


30 


0.084 


0.10 


31 


0.075 


0.099 


32 


0.096 


0.108 


33 


0.101 


0.112 


34 


0.111 


0.124 


35 


0.185 


0.224 


36 


0.278 


0.312 


37 


0.221 


0.234 


38 


0.185 


0.225 


39 


0.186 


0.212 


40 


0.135 


0.153 


41 


0.107 


0.121 


42 


0.091 


0.112 


43 


0.071 


0.098 


44 


0.075 


0.101 


45 


0.655 


0.698 


46 


> 0.642 


0.643 


47 


0.225 





[0059] As for the sample 47 in which the samples 4, 9, 12, 36. 45, and 46 which formed the hard enveloping layer by 
PVD among the conventional surface coating cutting chip samples were inferior to abrasion resistance and which 
was formed with the CVD method from the result of Table 6, the defect resistance of the edge of a blade fell by 
toughness degradation of a base material. On the other hand, while the surface coating cutting chip (except for 
samples 21 and 22) of the example of this invention had the abrasion resistance which was excellent in both 
continuation cutting and intermittence cutting, the toughness of a base material was maintained and it showed the 
outstanding defect resistance. 
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[0060] It is clear that it is suitable that the grid mismatching of the compound which the greatest grid mismatching 
adjoins from the result of samples 44-52 4% or more by the result of samples 1-11 is 10% or less here. Moreover, 
the thickness of the layer of a super-thin film layered product has 0.5nm - 20nm more nearly optimal than the result 
of samples 12-20, and the thickness of a volume phase is understood that 0.05 micrometers - 5 micrometers are 
suitable from samples 29-35. 

[0061] Furthermore, when the result of samples 1-5 and the result of samples 6-11 are seen, compared with the 
samples 1-5 whose crystal structures of all propers are the same NaCI molds, wear of the samples 6-11 containing 
AIN which is the Wurtzite structure where the crystal structure of a proper differs from others is sharply small, and, 
as for change of the crystal structure by the laminating effectiveness, this shows improving abrasion resistance 
greatly. 

[0062] In addition, although the crystal structure of all the samples concerning this invention was investigated with 
the thin film X-ray diffraction method, the result which that result shows NaCI structure and shows Wurtzite 
structure was not obtained. 

[0063] Moreover, it turns out that the sample (except for samples 21 and 22) of invention containing an above- 
mentioned AIN layer has the property which was very excellent in continuation cutting. 

[0064] In order to confirm the abrasion resistance at the time of applying a <example 3> super-thin film layered 
product to the antifriction film and protective coat of the electrical and electric equipment and electronic parts, the 
super-thin film layered product was covered on the surface of the magnetic head, and the contact abrasion test of 
the magnetic head and magnetic disk was performed. 

[0065] By this contact abrasion test method, the sintered compact (Vickers hardness 4000kgf/mm2) which consists 
of aluminum and titanium carbide as the magnetic head is used, and it is this a 600 kgf/mm load on the protective 
coat on the front face of a magnetic disk 2 It pushed, next, high-speed rotation of the magnetic disk was carried out 
until the magnetic head surfaced, the rotation after surfacing was suspended, and the CSS trial which repeats 
contacting a head to a disk side again was performed. Here, a CSS trial is a cycle trial to which rotation surfacing of 
the magnetic-recording medium is carried out, rotation is suspended after that, and the magnetic head and a 
magnetic-recording medium are contacted, after setting the magnetic head and a magnetic-recording medium in the 
state of contact. 

[0066] Table 7 shows the result at the time of performing 200,000 repeat trials by the above-mentioned CSS 
examining method. 
[0067] 
[Table 7] 
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[0068] In this table 7, samples 1-3, 5-8, 10, 11, 13-25, and 27-33 are the examples of the super-thin film layered 
product concerning this invention, and the sputtering method was used for them on the occasion of that production. 
Moreover, samples 4, 9, 11, 26, and 34 are the examples of a comparison, and are the super-thin film layered 
product of two sorts of compounds, and Si02. It uses as a protective coat. In addition, since the degree of hardness 
of an enveloping layer was very thin, it could not measure, but since forward correlation was accepted experientially, 
the etch rate and degree of hardness of a layer by Ar ion beam (pressurization electrical potential difference of 3kV) 
in the inside of a vacuum showed the etch rate as a default reading of a degree of hardness. 
[0069] 

[Effect] As mentioned above, by the high degree of hardness which is not in the former being realizable, and applying 
to a cutting tool, an abrasion-resistant tool, etc., since it has the property which was excellent on abrasion 
resistance and oxidation resistance, the super-thin film layered product of this invention can give the abrasion 
resistance superior to conventionally, maintaining the reinforcement of a base material, and has the advantage which 
can extend that cutting life remarkably especially in high speed cutting. 

[0070] Moreover, the super-thin film layered product of this invention can form the antifriction film and a protective 
coat excellent in abrasion resistance or corrosion resistance by using as an enveloping layer of the front face of the 
electrical and electric equipment, electronic parts or sliding, and a machine part in addition to the application of the 
above-mentioned cutting tool etc. Furthermore, if the super-thin film layered product of this invention is used, the 
thin film excellent in the surface protective coat to a magneto-optic-recording medium, an optical lens. etc. or the 
optical property, and the electrical property can be offered. 
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